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Description 

Field of the Invention 

[0001] The present Invention is a method of reducing 
the down time or yield loss associated with sulfur con- 
tamination of a reactor system after a sutfur upset. It is 
also a method of removing sulfur contaminants from a 
metal-coated reactor system used for hydrocarbon con- 
version. 

Background of the Invention 

[0002] The need to remove sulfur from sulfur-contam- 
inated catalysts, such as reforming catalysts, and from 
sulfur-contaminated reactor walls (e.g., iron sulfide 
scale) is well known. A sulfur-contaminated reactor sys- 
tem, will continue to produce sulfur compounds (such 
as H 2 S) under reducing conditions for an extended pe- 
riod of time, sometimes lasting several days. These sul- 
fur compounds can decrease catalyst performance, in- 
cluding activity, stability and/or selectivity. 
[0003] The problems associated with this sulfur con- 
tamination have been addressed in numerous patents 
and in a variety of ways. For example, U.S. Patent No. 
4,507,397 to Buss teaches a method of regenerating 
catalysts in sulfur contaminated vessels, piping, etc, 
where iron sulfide scale has built up during processing. 
The method uses an in-situ oxidation step using a dry 
oxygen-containing gas to form oxides of sulfur, Alterna- 
tively, U.S. Patent No. 3,732,123 to Stolfa teaches the 
descaling of heater tubes by alternately subjecting the 
deposited scale to oxidation and reduction techniques. 
Preferably, more than one series of alternating oxidation 
and reduction steps are used, the later ones being car- 
ried out at temperatures from a 566°C (1050°F) to a 
677°C(1250°F). 

[0004] Recently, several patents have issued on 
methods for cleaning reactor systems prior to using a 
highly sulfur-sensitive catalysts, such as Pt L-zeolite. 
For example, U.S. Patent No. 4,940,532 to Peer et al. 
discloses a method of preparing a previously used re- 
actor for use with a sulfur-sensitive catalyst. Peer uses 
a sacrificial particle bed of Pt/Sn and manganese oxide 
to remove contaminants, such as sulfur, from a conver- 
sion system. Subsequently, the sacrificial particle bed is 
replaced by a sulfur-sensitive catalyst, such as a reform- 
ing catalyst selective for dehydrocyclization. Also, U.S. 
Patent No. 5,035,792 to Foutsitzis et al. discloses that 
a hydrocarbon solvent, preferably an aromatic solvent, 
can be utilized to purge contaminants, such as sulfur, 
from a conversion system. This process fills the system 
with an aromatic solvent, such as toluene, to purge sul- 
fur compounds from the reactor walls. It is taught that 
gases which "are inert to reaction with the solvent or 
contaminant," such as nitrogen or hydrogen, may be 
combined with the solvent (see Col. 4, lines 63-9). Ad- 
ditional contaminant-removal steps such as oxidation, 



reduction, and contaminant removal with a sacrificial 
particulate bed are also disclosed. This solvent purge is 
intended to avoid deactivation of a subsequently loaded 
contaminant-sensitive catalyst, such as a reforming cat- 

5 alyst selective for dehydrocyclization. 

[0005] The need to recover the activity of catalysts 
poisoned by feed sutfur is also well known . For example, 
U.S. Patent No. 4,155,836 to Collins et al. discloses that 
Pt halogen-containing reforming catalysts can be deac- 

10 tivated by feeds containing high levels of sulfur (at least 
1 0 ppm) and water (at least 50 ppm) . The resulting con- 
taminated catalysts may have their activity restored by 
discontinuing the hydrocarbon feed and passing hydro- 
gen and halogen over the catalyst to reduce its sulfur 

15 concentration. The typical feed to this process generally 
has a relatively high sulfur level (between about 1 and 
5 ppm). Therefore, the impact of sulfur contamination 
due to reaction of contaminated process equipment is 
not observed or discussed. 

20 [0006] Additionally, Heyse et al., (W092/15653) 
teaches coating portions of reforming reactors with me- 
tallic coats to prevent carburization, coking and metal 
dusting. A preferred coating for this use is a tin coating. 
Also, US-A-5 405 525 teaches applying metallic coats 

25 to sulfur-contaminated reactors as a method of treating 
and desulfiding sulfided steels. These patent applica- 
tions do not address the problem of sulfur upsets, such 
as that associated with inadvertent sulfur contamination 
of hydrocarbon feeds. 

30 [0007] Indeed, none of the above-described patents 
disclose a process for quickly and easily removing sulfur 
contaminants from process equipment, especially from 
a metal-coated reactor system. Nor do they teach or 
suggest the advantages associated with the various em- 

35 bodiments of the present invention as described below. 

SUMMARY OF THE INVENTION 

[0008] According to the present invention, there is 
40 provided a method for removing sulfur from a sulfur-con- 
taminated metal-coated reactor system, comprising the 
steps of: 

operating, at a set of operating conditions, a metal- 
45 coated reactor system comprising a base metal, an 
adherent metallic layer attached to said base metal 
such that said adherent metallic layer is exposed to 
hydrocarbons during said operating step, and a sul- 
fur-sensitive catalyst; 
50 experiencing contamination of said adherent metal- 
lic layer by a sulfur contaminant; and 
removing said sulfur contaminant from said adher- 
ent metallic layer using sulfur stripping at a set of 
sulfur stripping conditions; 
55 wherein said adherent metallic layer comprises a 
metal that is substantially inert to sulfur at said set 
of operating conditions or that rejects sulfur more 
rapidly or at a lower temperature than iron at said 
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set of sulfur stripping conditions. 

[0009] Thus, the present invention is a process to re- 
move sulfur from a metal-coated reactor system that has 
been contaminated with sulfur. s 
[0010] Sulfur upsets, such as those associated with 
inadequate feed desulfurization, are known to occur in 
commercial hydrocarbon conversion processes. They 
can result in inadvertently high levels of sulfur contam- 
inants, generally in the form of sulfur-containing com- 
pounds, being introduced into the reactor system. This 
sulfur upon contacting the process equipment results in 
undesirable sulfur contamination of the unit's metallur- 
gy- 

[0011] For sulfur-sensitive catalysts, sulfur contami- 
nation leads to decreased catalyst performance. The 
present invention minimizes this problem by utilizing a 
metal-coated reactor system and a sulfur stripping step 
after a sulfur upset. A preferred sulfur stripping step us- 
es hydrogen as a stripping gas. 
[0012] Among other factors, this invention is based on 
our discovery that a relatively simple and inexpensive 
procedure can be used to quickly and efficiently remove 
sulfur from reactors that have been coated with certain 
metallic coats, such as a tin coating. Thus, it has unex- 
pectedly been found that - unlike the iron-containing 
steels used in standard reforming reactors - when the 
metal-coated reactor systems of this invention are con- 
taminated with sulfur or sulfur-containing compounds, 
the undesirable sulfur can be readily removed by treat- 
ing the reactor system with a sulfur stripping gas, pref- 
erably a gas that reacts with the sulfur contaminant, i. 
e., a reactive gas such as hydrogen. 
[0013] Aside from simplicity and low cost, our inven- 
tion has several other advantages. It minimizes the pos- 
sibility of damaging the metallic coating, which may also 
serve other purposes; for example, the coating may also 
be useful in preventing coking, carburization and metal 
dusting. Also, the process does not require any addi- 
tional safety procedures; it does not require any addi- 
tional (hazardous) chemicals (thus minimizing disposal 
costs), instead it can utilize chemicals that are already 
used (and therefore readily available) in the hydrocar- 
bon conversion process. Moreover, the process results 
in rapid decontamination of the reactor system, thus in- 
creasing the on-stream time for the unit. Also, for cata- 
lysts that are reversibly poisoned by sulfur, it can be 
used to rapidly remove sulfur without removing catalyst. 
[0014] The art discussed above is either directed to 
other processes or to other systems, such as sulfur re- 
moval from steel reactors previously used in a different 
service. It does not teach or suggest a method of recov- 
ering from sulfur upsets In metal-coated reactors. More- 
over, it shows that costly, corrosive and/or complex 
processing steps have heretofore been necessary to re- 
move sulfur contaminants from process equipment. In 
contrast, we have surprisingly found that with metal- 
coated reactor systems, a simple sulfur stripping step 



4 

quickly and effectively reduces sulfur contaminant lev- 
els in the reactor system. 

[0015] In one embodiment, the invention is a process 
for reducing the down time or yield loss associated with 
a sulfur upset, comprising: 

a) applying a metallic coat, cladding, plating or paint 
to a reactor system which comprises a base metal, 
so as to form an adherent metallic layer on the base 
metal and thereby produce a metal-coated reactor 
system; 

b) loading a sulfur-sensitive catalyst into the sys- 
tem; and 

c) after a sulfur upset, using a process comprising 
sulfur stripping to remove sulfur from the metal- 
coated reactor system. 

[001 6] In another embodiment, the invention is a proc- 
ess to remove sulfur from a metal-coated reactor system 
that has been contaminated with sulfur. This process 
comprises contacting the contaminated surfaces of the 
metal-coated reactor system with a substantially sulfur- 
free, reactive gas for a time and at a temperature suffi- 
cient to reduce the sulfur concentration at the reactor 
outlet by at least 50 %, preferably by at least 75% and 
more preferably by at least 90%. 
[0017] One especially preferred process of the inven- 
tion removes sulfurf rom a sulfur-contaminated, tin-coat- 
ed reactor system containing a highly sulfur-sensitive 
catalyst (e.g., Pt on L-zeolite) that has suffered a sulfur 
upset. The process includes the steps of: 

a) removing the highly sulfur-sensitive catalyst from 
a tin-coated reactor system; 

b) adding a sulfur sorbent (e.g., K on alumina) to 
the reactor system; and 

c) contacting the contaminated surfaces of the tin- 
coated reactor system with hydrogen and sorbing 
contaminant sulfur at conditions of time and tem- 
perature sufficient to reduce the sulfur concentra- 
tion at the system outlet to below 1 00 ppb, prefera- 
bly below 10 ppb. 

Detailed Description of the Invention 

[0018] In one broad aspect, the present invention is a 
process which comprises contacting sulfur-contaminat- 
ed surfaces of a metal-coated reactor system with a sub- 
stantially sulfur-free gas that is reactive towards or dis- 
places the sulfur contaminants (e.g., metal sulfides). In 
one preferred embodiment, the contacting is done in the 
absence of significant amounts of hydrocarbons. In an- 
other preferred embodiment, the contacting is done un- 
der conditions of reduced hydrocarbon conversion. 
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[001 9] The facile sulfur removal process of this inven- 
tion is especially useful for systems where sulfur upsets 
result in decreased catalyst selectivity, stability and/or 
activity. This process is therefore attractive for a variety 
of hydrocarbon conversion processes utilizing sulfur- 
sensitive catalysts, especially noble metal catalysts. 
These include for example, catalytic reforming using 
conventional Pt/Re or Pt/Sn or Pt/lr on alumina cata- 
lysts; or Pt catalyzed hydrocarbon isomerization or hy- 
droisomerization processes; or Pt, Pd, or other noble 
metal catalyzed hydrogenation / dehydrogenation proc- 
esses including selective hydrogenations of dienes 
such as butadiene. 

[0020] In these instances, the process of this inven- 
tion gives more rapid recovery of catalyst selectivity and/ 
or activity after a sulfur upset. 

[0021] Although the terms "comprises" or "compris- 
ing" are used throughout this specification, these terms 
are intended to encompass both the terms "consisting 
essentially of*, and "consisting of" in various preferred 
aspects and embodiments of the present invention. 
[0022] As used herein, the term "reactor system" is 
intended to include hydrocarbon conversion units that 
have one or more hydrocarbon conversion reactors, 
their associated piping, heat exchangers, furnace tubes, 
etc. For processes using catalysts that are irreversibly 
poisoned by sulfur, a sulfur converter reactor (for con- 
verting organic sulfur compounds to H 2 S) and a sulfur 
sorber reactor (for adsorbing and/or absorbing H 2 S) are 
usually also included in the reactor system; these reac- 
tors can be combined together into a converter/sorber 
reactor, or can be combined with other parts of the sys- 
tem, such as the conversion reactors. 
[0023] As used herein, the term "metal-coated reactor 
system" is Intended to include reactor systems (see 
above) having a metallic coat, cladding, plating, or paint 
applied to at least a portion (preferably at least 50%, 
more preferably at least 75%) of the surface area that 
is to be contacted with hydrocarbons at process temper- 
ature. This metal-coated reactor system comprises a 
base metal (such as carbon, chrome, or stainless steels) 
having one or more adherent metallic layers attached 
thereto. 

[0024] As used herein, the term "sulfur stripping" is 
intended to include methods of removing sulfur contam- 
inants (sulfur, sulfur-containing compounds, and metal 
sulfides) from metal-coated surfaces. Sulfur stripping is 
preferably done with a gas or mixture of gases, prefer- 
ably a gas that reacts with the sulfur contaminant(s) at 
sulfur stripping conditions. 

[0025] These conditions depend on the particular me- 
tallic coating as well as the hydrocarbon conversion 
process to which the invention is applied. 
[0026] Not all metallic coats are useful in this inven- 
tion. Metallic coats that are substantially inert to sulfur 
at the intended hydrocarbon conversion conditions are 
especially useful. Thus, metals that resist sulfiding at 
process conditions are useful. These metals include alu- 



minum, titanium, niobium, zirconium, tantalum and haf- 
nium. Metallic coatings of these metals can be applied 
by techniques well known in the art, such as sputtering. 
[0027] Other useful metallic coats are selected from 

5 among metallic coats that reject sulfur from their surfac- 
es more rapidly or at lower temperatures than iron at 
sulfur stripping conditions. One way to identify which 
coatings are useful is shown in Example 4, below. Here 
the metal sulfide, or preferably the sulfided metallic coat, 

10 is tested (in the example a hydrogen stripping process 
is used) and compared to sulfided carbon steel, prefer- 
ably compared to iron sulfide. Useful coatings strip more 
rapidly than iron sulfide at stripping conditions. There 
are numerous variations on this test, as will be evident 

15 to those skilled in the art. Preferred coatings are often 
less reactive toward sulfur than iron at sulfur stripping 
conditions. 

[0028] Useful metallic coats include those selected 
from among tin, germanium, antimony, arsenic, bis- 

20 muth, aluminum, gallium, indium, copper, lead and mix- 
tures and alloys thereof. Preferred coatings include tin-, 
germanium-, and antimony-containing coatings. These 
coatings all form strong adherent coats and sulfur can 
be readily stripped from their surfaces. Tin coatings are 

25 especially preferred - they are easy to apply to steel, 
are inexpensive and are environmentally benign. 
[0029] Metallic coatings that are less useful include 
coatings of cobalt, nickel, molybdenum, tungsten and 
chromium. It is believed that these coatings, when 

30 sulfided, would give off sulfur (e.g. H 2 S) for extended 
periods of time. 

[0030] It is preferred that these coats/coatings be suf- 
ficiently thick and uniform that they completely cover the 
base iron metallurgy and remain intact over years of op- 

35 eration. Significant amount of uncoated steel could re- 
sult in iron sulfide scale or other sulfur contamination. 
This will slowly lose sulfur and increase the time needed 
to recover from the sulfur upset. It is desirable that the 
coating be firmly bonded to the steel. For preferred me- 

40 tallic coatings, this can be accomplished, for example, 
by curing the applied coating at elevated temperatures. 
[0031] Metallic coatings can be applied in a variety of 
ways, which are well known in the art, such as electro- 
plating, chemical vapor deposition, and sputtering, to 

45 name just a few. Preferred methods of applying coatings 
include painting and plating. Where practical, it is pre- 
ferred that the coating be applied in a paint-like formu- 
lation (hereinafter "paint"). Such a paint can be sprayed, 
brushed, pigged, etc. on reactor system surfaces. The 

so metal or metal compounds contained in the plating, 
cladding or other coating are preferably cured under 
conditions effective to produce molten metals and/or 
compounds. Thus, germanium and antimony paints are 
preferably cured between 538°C (1000°F) and 760°C 

55 (1400°F). Tin paints are preferably cured between 
482°C (900°F) and 593°C (1100°F). Preferred metallic 
coats such as those derived from paints, are preferably 
produced under reducing conditions. Reduction/curing 
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is preferably done using hydrogen, and preferably in the 
absence of hydrocarbons. 

[0032] Some preferred coatings are described in U. 
S. Ser. No. 803,063 to Heyse et al., corresponding to 
WO 92/15653. This application also describes some 
preferred paint formulations. 

[0033] A preferred coating is prepared from a tin-con- 
taining paint. One preferred paint is a decomposable, 
reactive, tin-containing paint which reduces to a reactive 
tin and forms metallic stannides (e.g., iron stannides and 
nickel/iron stannides depending on the steel) upon heat- 
ing in a reducing atmosphere (e.g., an atmosphere con- 
taining hydrogen). One especially preferred tin paint 
contains at least four components or their functional 
equivalents: (i) a hydrogen decomposable tin com- 
pound, (ii) a solvent system, (iii) finely divided tin metal 
and (iv) tin oxide. As the hydrogen decomposable tin 
compound, organometallic compounds such as tin oc- 
tanoate or neodecanoate are particularly useful. Com- 
ponent (iv), the tin oxide is a porous tin-containing com- 
pound which can sponge-up the organometallic tin com- 
pound, yet still be reduced to metallic tin. 
[0034] Paints preferably contain finely divided solids 
to minimize settling. Finely divided tin metal, component 
(iii) above, is also added to insure that metallic tin is 
available to react with the surface to be coated at as low 
a temperature as possible, even in a non-reducing at- 
mosphere. The particle size of the tin is preferably small, 
for example one to five microns. 
[0035] In one embodiment, there can be used a tin 
paint of Tin Ten-Cem (contains 20% tin as stannous oc- 
tanoate in octanoic acid or stannous neodecanoate in 
neodecanoic acid), stannic oxide, tin metal powder and 
isopropyl alcohol. When tin paints are applied at appro- 
priate thicknesses, initial reduction conditions will result 
in tin migrating to cover small regions (e.g., welds) which 
were not painted. This will completely coat the base met- 
al. Preferred tin paints form strong adherent coats upon 
curing. 

[0036] As an example of a suitable paint cure for a tin 
paint, the system including painted portions can be pres- 
surized with N 2 , followed by the addition of H 2 to a con- 
centration greater than or equal to 50% H 2 . The reactor 
inlet temperature can be raised to 427°C (800°F) at a 
rate of 278 to 556 °C/hr (50-100°F/hr). Thereafter the 
temperature can be raised to a level of 510-524°C 
(950-975°F) at a rate of 27.8°C/hr (50°F/hr), and held 
within that range for about 48 hrs. Curing can also be 
achieved in pure H 2 at 538°C (1000°F) to 649°C 
(1200°F) for 2-24 hours. 

[0037] After observing that a sulfur upset has oc- 
curred, it is best to eliminate the source of sulfur con- 
tamination. Thereafter, though not required, it is pre- 
ferred to purge the metal-coated reactor system with 
clean feed or with a substantially sulfur-free gas. Op- 
tionally, the system is washed with an organic solvent, 
preferably a hydrocarbon, especially if the source of 
contamination is a high boiling point oil. 



[0038] The process of this invention uses a substan- 
tially sulfur-free gas. As used herein, the terms "sub- 
stantially sulfur-free" gas or "sulfur-free" gas are meant 
to encompass a gas or mixtures of gases containing low 

5 concentrations of sulfur-containing compounds. Al- 
though it is preferred to use a gas with no detectable 
sulfur (i.e., below about 5 ppb) this term is also intended 
to encompass gasses having less than 1 ppm sulfur, 
preferably less than 500 ppb, more preferably less than 

io 100 ppb and most preferably less than 50 ppb sulfur 
Additionally, in circumstances where sulfur upsets result 
in high sulfur levels, such as 1 0 to 50 ppm, a "substan- 
tially sulfur-free gas" to include a gas having a sulfur 
content that is at least an order of magnitude less than 

15 the contaminant sulfur level, i.e., sulfur levels of be- 
tween about 1 and 5 ppm. 

[0039] The substantially sulfur-free gas is preferably 
also free of oxygen-containing and nitrogen-containing 
contaminants, such as NH 3 or water. Gases containing 

20 sulfur compounds and other contaminants can be treat- 
ed to produce a substantially sulfur-free gas. Those 
skilled in the art will appreciate that a variety of treatment 
methods, including drying, hydrotreating, mild reforming 
and sorption processes, to name a few, are well known 

25 for this purpose. 

[0040] The sulfur-free gas is used to strip or remove 
the sulfur contaminants from the reactor system. This 
gas is preferably a reactive gas, that is, one that reacts 
with sulfur-containing compounds or species. Thus, it is 

30 preferably selected from among hydrogen, hydrogen 
halides (such as HCI or gases that produce HCI) and 
carbon monoxide as well as combinations thereof, or 
mixtures of these gases with inert gases, such as hy- 
drocarbons or preferably nitrogen. It is important that the 

35 sulfur-free gas be selected so that it not damage or at- 
tack the metallic coat. Therefore, the preferred gas var- 
ies with the particular type of metallic coating. Generally, 
the more preferred gases include carbon monoxide, dry 
hydrogen chloride and hydrogen. An especially pre- 

40 ferred sulfur-free, reactive gas is hydrogen. Indeed, the 
process preferably includes a step where a hydrogen- 
containing gas is used to strip sulfur from the reactor 
system, i.e., a "hydrogen stripping" step. 
[0041] The amount of the stripping gas (herein exem- 

45 plified by hydrogen) needs to be sufficient to react with 
contaminant sulfur and achieve the required degree of 
sulfur removal. The hydrogen can be pure hydrogen or 
hydrogen diluted in an inert (and, of course, preferably 
sulfur-free) gas. A preferred gas is a hydrogen/nitrogen 

so mixture, for example, one containing 1 to 90 volume per- 
cent hydrogen in nitrogen, preferably 5 to 50 % hydro- 
gen in nitrogen, more preferably containing 10 to 30 % 
hydrogen. Mixtures of hydrogen with heavier gases 
have increased heat capacity compared to pure hydro- 

55 gen, and therefore are advantageous in achieving pre- 
ferred stripping temperatures compared to pure hydro- 
gen. 

[0042] In one preferred embodiment, the hydrogen af- 
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ter passing through the reactor system also passes 
through a sulfur sorbent and is recycled. 
Thus, the effluent hydrogen containing sulfur com- 
pounds is desulfurized and reused as a stripping gas. 
Thus, in one preferred embodiment a sulfur sorption 
step is part of the sulfur stripping process. 
[0043] Preferred sulfur sorbents are those that are 
highly effective in removing sulfur upon contact, such as 
those containing manganese oxide, Cu, Ni, or K on alu- 
mina or clay. These sulfur sorbents and operating con- 
ditions for their use are well known in the art. The sorb- 
ent can be located inside the reactor system or ex-situ, 
for example, in the hydrogen recycle loop. A preferred 
sulfur sorbent for use inside the reactor system is K on 
alumina, in part because it is compatible with the tem- 
peratures used during the sulfur stripping step. A pre- 
ferred sulfur sorbent for use ex-situ is copper, in part be- 
cause of the ease of handling, or nickel on alumina or 
on silica/aluminum because of its large sorption capac- 
ity. 

[0044] In general, the process of this invention con- 
tacts the metal-coated reactor system with the substan- 
tially sulfur-free gas for a time and at a temperature suf- 
ficient to desulfide the metallic coating. This can be de- 
termined, for example, by measuring the sulfur concen- 
tration at the system outlet. This invention reduces the 
outlet sulfur concentration significantly, i.e., by at least 
50%, preferably by at least 75%, and more preferably 
by at least 90% from that measured prior to sulfur strip- 
ping. It is preferred that the outlet sulfur concentration 
be within the preferred range for the catalyst used. 
[0045] Thus, for systems using catalysts that are re- 
versibly poisoned by sulfur, it is preferred that the 
amount of sulfur at the reactor outlet after stripping be 
low enough that it does not significantly reduce catalyst 
performance. This amount of sulfur depends on the spe- 
cific catalyst. Generally it is preferred that the effluent 
sulfur level be below about 1 to 5 ppm, preferably below 
500 ppb, and for some catalysts, more preferably below 
200 ppb. 

[0046] Sulfur levels in the feed and at the reactor out- 
let can be measured in a variety of ways well known in 
the art. These include lead acetate paper devices (e.g. 
Tracor Atlas) and gold film sensors (Jerome analyzer). 
[0047] For systems using catalysts that are irreversi- 
bly poisoned by sulfur, such as Pt L zeolite dehydrocy- 
clization catalysts, it is preferred that the sulfur at the 
reactor outlet after stripping be below about below 50 
ppb, preferably below 10 ppb. Depending on the sulfur 
sensitivity of the catalyst, the catalyst may be unloaded 
prior to the stripping step. This is generally preferred if 
the catalyst is irreversibly poisoned by sulfur. 
[0048] For irreversibly poisoned catalysts, the cata- 
lysts and/or sorbents in the reactor system are replaced, 
if necessary, after sulfur stripping is completed. Fresh 
feed is then passed through the desulfided reactor sys- 
tem over the sulfur-sensitive catalyst and converted to 
product. 



[0049] The sulfur stripping step is preferably done at 
elevated temperatures to speed sulfur removal. Prefer- 
ably the temperature is at least equal to the normal op- 
erating temperature at which the sulfur-sensitive cata- 

5 fyst is used. Thus, it is preferred that the residual sulfur 
compounds in the process equipment be treated with 
the stripping gas (e.g., hydrogen) at temperatures at 
least as high as those planned for plant use (e.g.) 427°C 
(800°F), preferably between 454°C (850°F) and 552°C 

10 (1 025° F) for reforming). Typical times and temperatures 
for the sulfur stripping step for a reforming reactor sys- 
tem using a Pt L zeolite are between about 8 and 48 hrs 
at about 538°C (1000°F). This step is preferably done 
at as high a gas rate as the process equipment allows 

is to speed sulfur removal. Typically the gas hourly space 
velocity (GHSV) is between 100 and 10,000 hr 1 , more 
preferably between 1000 and 3000 hr 1 . 
[0050] The present invention is useful with a wide 
range of noble metal catalysts that are poisoned or part- 

20 |y or wholly inactivated by sulfur (e.g., catalysts contain- 
ing Pt, Pd, Rh, lr p Ru, Os), especially Pt containing cat- 
alysts. These catalysts are usually supported, for exam- 
ple, on carbon, on a refractory oxide support, such as 
silica, alumina, chlorided alumina or on a molecular 

25 sieve / zeolite. Indeed, any process that uses a sulfur- 
sensitive catalysts can benefit from this invention. Pre- 
ferred catalysts include platinum on alumina, Pt/Sn on 
alumina and Pt/Re on chlorided alumina; noble metal 
Group VIII catalysts supported on a zeolite such as Pt, 

30 Pt/Sn and Pt/Re on zeolites, including L type zeolites, 
ZSM-5, SSZ-25, SAPO's, silicalite and beta. 
[0051] Especially preferred catalysts for use in this in- 
vention are those that are irreversibly poisoned by sul- 
fur, and are therefore highly sensitive to sulfur. These 

35 catalysts include Group VIII metals on large pore zeo- 
lites, such as Lzeolite catalysts containing Pt, preferably 
Pt on non-acidic L zeolite. 

[0052] A preferred embodiment of the invention in- 
volves the use of a medium-pore size or large-pore size 

40 zeolite catalyst including an alkali or alkaline earth metal 
and charged with one or more Group VIII metals. Most 
preferred is the embodiment where such a catalyst is 
used in reforming or dehydrocyclization of a paraffinic 
naphtha feed containing C 6 , and/or C 8 hydrocarbons to 

45 produce aromatics. 

[0053] By "intermediate pore size" zeolite is meant a 
zeolite having an effective pore aperture in the range of 
about 5 to 6.5 Angstroms when the zeolite is in the in- 
form. These zeolites allow hydrocarbons having some 

so branching into the zeolitic void spaces and can differen- 
tiate between n-alkanes and slightly branched alkanes 
compared to larger branched alkanes having, for exam- 
ple, quaternary carbon atoms. Useful intermediate pore 
size zeolites include ZSM-5 described in U.S. Patent 

55 Nos. 3,702,886 and 3,770,614; ZSM-11 described in U. 
S. Patent No.3,709,979; ZSM-12 described in U.S. Pat- 
ent No. 3,832,449; ZSM-21 described in U.S. Patent No. 
4,061,724; and silicalite described in U.S. Patent No. 
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4,061 ,724. Preferred zeolites are silicalite, ZSM-5, and 
ZSM-11 . An especially preferred Pt on zeolite catalyst 
is described in U.S. Patent No. 4,347,394 to Detz et al. 
[0054] By "large-pore size zeolite" is meant a zeolite 
having an effective pore aperture of about 6 to 15 Ang- 
stroms. Preferred large pore zeolites which are useful 
in the present invention include type L zeolite, zeolite X, 
zeolite Y and faujasite. Zeolite Y is described in U.S. 
Patent No. 3,130,007 and Zeolite X is described in U.S. 
Patent No. 2,882,244. Especially preferred zeolites 
have effective pore apertures between 7 to 9 Ang- 
stroms. 

[0055] The composition of type L zeolite expressed in 
terms of mole ratios of oxides, may be represented by 
the following formula: 

(0.9-1 .3)M2foO:AI 2 03(5.2-6.9)Si0 2 :yH20 

[0056] In the above formula M represents a cation, n 
represents the valence of M, and y may be any value 
from 0 to about 9. Zeolite L, its X-ray diffraction pattern, 
its properties, and methods of preparation are described 
in detail in, for example, U.S. Patent No. 3,21 6,789. The 
actual formula may vary without changing the crystalline 
structure. Useful Pt on L zeolite catalysts also include 
those described in U.S. Patent No. 4,634,518 to Buss 
and Hughes, in U.S. Patent No. 5,1 96,631 to Murakawa 
et al., in U.S. Patent No. 4,593,133 to Wortel and in U. 
S. Patent No. 4,648,960 to Poeppelmeir et al. 
[0057] In a preferred embodiment, an alkali or alkaline 
earth metal is present in the large-pore zeolite. Pre- 
ferred alkali metals include potassium, cesium and ru- 
bidium, more preferably, potassium. Preferred alkaline 
earth metals include barium, strontium or calcium, more 
preferably barium. The alkaline earth metal can be in- 
corporated into the zeolite by synthesis, impregnation 
or ion exchange. Barium is preferred to the other alka- 
line earths because it results in a somewhat less acidic 
catalyst. Strong acidity is undesirable in some catalysts 
because it promotes cracking, resulting in lower selec- 
tivity. Thus for some applications, it is preferred that the 
catalyst be substantially free of acidity. 
[0058] The zeolitic catalysts used in the invention are 
charged with one or more Group VIII metals, e.g., nickel, 
ruthenium, rhodium, palladium, iridium or platinum. Pre- 
ferred Group VIII metals are iridium and particularly plat- 
inum. If used, the preferred weight percent platinum in 
the catalyst is between 0.1% and 5%. Group VIII metals 
can be introduced into zeolites by synthesis, impregna- 
tion or exchange in an aqueous solution of appropriate 
salt. When it is desired to introduce two Group VIII met- 
als into the zeolite, the operation may be carried out si- 
multaneously or sequentially. 

[0059] When the present invention is used with cata- 
lysts that are reversibly poisoned by sulfur, such as most 
Pt catalysts, the catalyst can be retained in the metal - 
coated reactor system during sulfur stripping. The strip- 



ping can be done under typical operating conditions, or 
done underconditions of significantly reduced hydrocar- 
bon conversion. This can be accomplished for example 
by decreasing the feed rate or the reactor temperature. 
5 in a preferred embodiment, the amount of feed sent to 
the catalyst is reduced, or even stopped altogether. 
[0060] When the invention is used with catalysts that 
are highly sulfur-sensitive and irreversibly poisoned by 
sulfur, such as Pt L zeolite catalyst, the partially or wholly 
10 sulfur contaminated catalyst is usually removed from the 
sulfur-contaminated, metal-coated reactor system be- 
fore sulfur stripping. In a preferred embodiment, it is re- 
placed in part with a sulfur converter and a sorbent to 
trap sulfurcompounds during stripping. (The irreversibly 
15 poisoned catalyst can itself be used as the sulfur sorb- 
ent, if it still has sufficient sulfur sorption capacity. How- 
ever, this is not usually economically attractive). 
[0061] One or more sulfur sorbents are generally 
used in conjunction with highly sulfur-sensitive cata- 
lysts; for simplicity these sorbents can be used. For the 
sulfur stripping step, the sorbent can be placed in vari- 
ous locations in the reactor system. For example, it can 
be placed in the hydrocarbon conversion reactors, e.g. 
in some of the catalyst beds. I n a p referred embodiment, 
it is placed in the location in the reactor system where 
sorbent is usually placed, for example, the converter/ 
sorber reactor. If the sorbenfs sulfur trapping capacity 
is high enough, it is not necessarily to remove the sorb- 
ent after the sulfur stripping step, that is, it can be left in 
place as part of reloading the reactor system with cata- 
lyst. This simplifies start-up procedures and reduces 
costs. Alternatively, the sulfur sorbent after the stripping 
step can be replaced with clean sorbent to ensure max- 
imum sorbent life. 

[0062] The amount of needed sorption capacity for 
the stripping step can be readily estimated. For exam- 
ple, the sulfur contaminated metal surface area can be 
estimated, and from that, the amount of sulfur contam- 
inant. Excess sorbent, to ensure complete sulfur sorp- 
tion is generally preferred. It is best to monitor the sulfur 
level exiting the sorbent. It should be replaced if any sign 
of sulfur breakthrough is evident. 
[0063] After the sulfur stripping step, fresh hydrocar- 
bon conversion catalyst or the catalyst removed from 
the reactors is loaded into the reactors - which type of 
catalyst is used depends on the extent of sulfur poison- 
ing; generally fresh catalyst is used. After slowly heating 
to operating temperature, preferably in dry hydrogen, 
hydrocarbons are fed to the catalyst. Successful sulfur 
stripping is evidenced by catalyst performance, e.g. a 
low catalyst fouling rate, which is consistent with mini- 
mal sulfur poisoning of the catalyst due to residual sulfur 
contaminants. 

[0064] The present invention is useful in hydrocarbon 
conversion processes that are operated in conjunction 
with sulfur removal processes or under reduced or low- 
sulfur conditions using a variety of sulfur-sensitive cat- 
alysts. These processes are well known in the art. These 
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processes generally require some feed cleanup, such 
as hydrotreatlng and/or sulfur sorption. They Include 
catalytic reforming and/or dehydrocyclization process- 
es, such as those described in U.S. Patent No. 
4,456,527 to Buss et al. and U.S. Patent No. 3,415,737 
to Kluksdahl; catalytic hydrocarbon isomerization proc- 
esses such as those described in U.S. Patent No. 
5,166,112 to Holtermann; and catalytic hydrogenation / 
dehydrogenation processes. 

[0065] To obtain a more complete understanding of 
the present invention, the following examples illustrating 
certain aspects of the invention are set forth. It should 
be understood, however, that the invention is not intend- 
ed to be limited in any way to the specific details of the 
examples. 

Examples 

Example 1 

Sulfur Removal From a Tin-Coated Reactor System 

[0066] This experiment was done in a reforming pilot 
plant, which included a sulfur converter / sulfur sorber 
reactor, a reforming reactor and a recycle gas drier. The 
sulfur converter portion converted organic sulfides to 
compounds readily sorbed by the sulfur sorbent. The re- 
forming reactor was coated with a tin-containing paint. 
The paint consisted of a mixture of tin oxide, finely pow- 
dered tin , a tin alky! carboxylate and isopropanol solvent 
as described in WO 92/15653. The coating was applied 
by painting. After drying, it was reduced at 538°C 
(1000°F)for24 hours in H 2 . 

[0067] The reactor system was contaminated with 
sulfur, such that H 2 S was detected in the reactor efflu- 
ent. Since this pilot plant was to be used to evaluate an 
extremely sulfur sensitive Pt L zeolite catalyst, all sulfur 
had to be removed from the plant before catalyst testing. 
[0068] Sulfur removal was accomplished as follows. 
First the source of the sulfur contamination was elimi- 
nated. Then the unit was purged at planned reaction 
conditions (0.79 MPa (100 psig), 1.6 LHSV, 538°C 
(1000°F)) with clean, substantially sulfur-free feed for 
approximately 1 day. Feed was then stopped, the reac- 
tor cooled and purged with nitrogen. The reforming cat- 
alyst was then dumped. A sulfur sorbent (K on alumina) 
was loaded into the reforming reactor and the recycle 
gas drier. This sorbent was also loaded into the sulfur 
converter/sorber reactor upstream of the reforming re- 
actor; here, on top of the sorbent a small amount of Pt 
on alumina (sulfur converter catalyst) was placed. This 
Pt catalyst was used to convert any organic sulfurto H 2 S 
for subsequent removal by downstream sorbent. 
[0069] The plant was pressured/depressured 3 times 
with N 2 to remove oxygen. Hydrogen was then added 
until the pressure reached about 0.79 MPa (100 psig), 
at which point the recycle compressor was started. The 
H 2 recycle rate was adjusted to about 2000 scc/min 
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(GHSV = 1500) with the flow directed through the sulfur 
converter/sorber reactor, the reforming reactor and the 
recycle gas drier. The reforming reactor was then heat- 
ed to 538°C (1 000°F) and the reactor containing the sul- 

5 fur sorbent and the sulfur converting catalyst was heat- 
ed to 343°C (650°F). The reactors were held at these 
temperatures for 2 days at the above flow rate. Feed 
was then introduced (along with hydrogen) at 1 .6 LHSV 
and 538°C (100°F), and run for another 2 days. 

10 [0070] After this sulfur removal process was complet- 
ed, the reforming reactor was charged with 80 cc of fresh 
Pt L zeolite catalyst, the recycle drier was charged with 
fresh 4A sieve, and a fouling rate test was conducted. 
The fouling rate for this catalyst is highly dependent on 

15 the sulfur contaminant level. Test conditions were: a 
desulfurized C 6 -C 8 paraffinic feed, 1.6 LHSV, 3 H^C 
and 0.79 MPa (100 psig). The temperature of the cata- 
lyst was adjusted as necessary to maintain 46.5 wt % 
aromatics in the C5 + liquid product. The fouling rate 

20 was 0.017°C/hr (0.03°F/hr). This was only somewhat 
higherthan the fouling rate of 0.01 1°C/hr (0.02° F/hr) ob- 
tained in a similar pilot plant that had not been sulfur 
contaminated. These results show that sulfur could be 
effectively removed from the plant using these simple 

25 procedures. Surprisingly, acid washing or grit blasting 
was not necessary. 

Comparative Example 1 A 

30 Sulfur Removal from a Stainless Steel Reactor System 

[0071] A stainless steel sulfur-contaminated pilot 
plant (no metal coating) was cleaned as follows. The unit 
was purged with sulfur-free feed for > 1 day. Then the 

35 feed was stopped, the reactor was cooled and the re- 
forming catalyst was dumped. The reforming reactor 
was grit blasted and then washed with dilute hydrochlo- 
ric acid. This reactor was then charged with a K on alu- 
mina sulfur sorbent. 

40 [0072] The sorbent was also charged to a converter/ 
sorber reactor upstream of the reforming reactor. On top 
of the sorbent was placed a small amount of Pt on alu- 
mina. Hydrogen was then added to the pilot plant until 
the pressure reached approximately 0.79 MPa (100 

45 psig), at which point the recycle compressor was start- 
ed. The H 2 recycle rate was adjusted to about 2000 sec/ 
min with the flow directed through the sulfur converter/ 
sorber reactor, the reforming reactor and the recycle gas 
drier. The reforming reactor was then heated to 538°C 

so (1 000° F) and the reactor containing the sulfur converter/ 
sorber was heated to 343°C (650° F). The reactors were 
held at this temperature for 2 days. Then feed was in- 
troduced at 1 .6 LHSV and run for another 2 days main- 
taining constant recycle of GHSV = 1500. 

55 [0073] After the above sulfur removal was completed, 
the pilot plant reforming reactor was dumped and 
charged with 80 cc of fresh Pt L zeolite catalyst. A stand- 
ard fouling rate test conducted. Test conditions were 
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substantially the same as in Example 1 . The fouling rate 
was 0.022°C/hr (0.04°F/hr). This was significantly high- 
er than that In Example 1, and shows the difficulty of 
removing sulfur from stainless steel reactors. 

Example 2 

Large Scale Test 

[0074] A sulfur removal process of this Invention was 
tested in a large reforming reactor system employing a 
sulfur-sensitive Pt L zeolite catalyst. The reforming re- 
actor system contained a feed sulfur sorber containing 
Ni on alumina sorbent, a converter reactor (Pt on alumi- 
na) followed by a second sulfur sorber reactor (K on alu- 
mina), for reducing sulfur to ultra low levels in the com- 
bined feed and recycle gas stream, and then 4 reforming 
reactors containing a Pt L zeolite catalyst. Also included 
were interheaters and a recycle gas drier. The reforming 
reactors and furnaces were initially coated with the tin 
coating described in Example 1 . 
[0075] After months on-stream, the unit experienced 
a severe sulfur upset which saturated the sulfur convert- 
er-sorber, the Pt L zeolite catalyst, and the molecular 
sieve in the recycle gas drier. Subsequently the unit was 
cooled and the contaminated Pt on alumina, K on alu- 
mina, and the Pt L zeolite catalysts were removed. 
Fresh K on alumina sorbent was then charged to the 
sorber reactor. The converter-sorber reactors were 
purged with N 2 , isolated from the rest of the plant, and 
pressured to about 50 psig. Since the recycle gas driers 
containing 4A sieve were sulfur contaminated, they 
were also regenerated by heating to 260°C (500°F) with 
sulfur-free fuel gas until the exit gas contained < 1 ppm 
sulfur. 

[0076] Next, the reforming reactors and recycle gas 
loop were purged with nitrogen, pressured to 0.45 MPa 
(50 psig) and the recycle gas compressor started. The 
reactors were then heated to 149°C (300°F) at which 
point the converter-sorber was put on line. Electrolytic 
hydrogen was then added until >20 vol% hydrogen was 
achieved in the reactor and recycle gas loop. Gradually 
the reactors were heated to 510°C (950^ over two 
days. The unit was held at 51 0°C (950° F) until the efflu- 
ent exiting the last of the reactors had a sulfur level of 
<5 ppb (about 2 days). The plant was then cooled, and 
the K on alumina sorbent was discarded from the feed 
sulfur sorber reactor. 

[0077] After sulfur stripping, the sorber, converter and 
reforming reactors were recharged with fresh catalysts 
and operations restarted. No deleterious effects on cat- 
alyst performance were observed, showing that excel- 
lent cleanup of the sulfur-contaminant from the metal- 
coated reactor system was achieved. Achieving this ex- 
tremely low sulfur effluent level was indicative that the 
contaminant sulfur could be removed without acid wash- 
ing or grit blasting. 
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Example 3 

Sulfur Stripping from a Tin-Coated Reactor Containing 
a Pt/Re Catalyst 

5 

[0078] A tin-coated reactor system is used to reform 
a C 6 to C 10 naphtha with a conventional Pt/Re on alu- 
mina reforming catalyst. The tin-coated reactor Is pre- 
pared using the tin paint of Example 1 . After several 
10 weeks on stream, a sulfur upset results in a sulfur level 
of about 1 0 ppm in the feed. 

[0079] The following sulfur removal process is used. 
First, the source of the sulfur contamination is eliminat- 
ed. Then the unit is purged to remove excess sulfur. This 

15 purge can be accomplished in one of two ways. The first 
way is to maintain the current operating feed, recycle 
rates and temperature and allow the sulfur to be purged 
from the plant with the produced H 2 , wh ich is also known 
as the net gas make. This purge is continued until the 

20 sulfur content in the last reactor outlet is below 1 ppm, 
preferably below 200 ppb. The time required for this step 
will depend on the extent of the sulfur upset and on the 
net gas production rate. If the net gas rate is not suffi- 
cient to purge the sulfur in a time effective manner, then 

25 the second way of purging is used. This consists of purg- 
ing the plant at or somewhat below operating tempera- 
ture with added H 2 at the highest reasonable gas rate. 
This purge is continued until the sulfur level at the last 
reactor outlet is below 1 ppm, preferably below 200 ppb. 

30 [0080] By using this process in a tin-coated reactor 
system, the time for sulfur removal is much less that 
what is currently required in conventional steel (non- 
metal coated) reactors. And, catalyst performance re- 
covers much faster. 

35 

Example 4 

Testing of Metal Sulfides 

40 [0081] Four materials containing metal sulfides were 
tested for their ease of sulfur loss. The four materials 
were: 

1 . Tin (II) Sulfide (SnS 2 ) powder; 
45 2. Antimony (II) Sulfide (Sb 2 S 3 ) powder; 

3. Iron (II) Sulfide (Fe^S) coarse grains; and 

4. A sulfided steel (9 Chrome, 1 Molybdenum) con- 
taining two phases, iron chromium sulfide (Fe, 
Cr) 3 S 4 and fine grained Fe^S. 

50 

[0082] These materials were placed in a quartz boat 
and were heated quickly in a quartz tube furnace to 
593°C (1100°F) inflowing hydrogen. After two hours the 
tube was cooled. The materials were examined visually; 
55 mounted and polished cross-sections of the materials 
were examined using petrographic and scanning elec- 
tron microscopy. 

[0083] The tin sulfide (1) and antimony sulfide (2), 
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were both readily reduced to native elements under 
these conditions. The iron sulfide (3) was only partially 
reduced under these conditions. On the sulfided steel 
(4), the fine iron sulfide was partially reduced, but the 
iron chromium sulfide was not reduced. 
[0084] It is believed that metal sulfides which reduce 
to metals more easily than iron sulfide - here exemplified 
by tin and antimony sulfides - will be readily sulfur 
stripped by hydrogen, and are useful in this invention. 
In contrast, chromium sulfide does not reduce easily; 
chromium-coated steels are not useful in this invention. 
[0085] While the invention has been described above 
in terms of preferred embodiments, it is to be understood 
that variations and modifications may be used as will be 
appreciated by those skilled in the art. Indeed, there are 
many variations and modifications to the above embod- 
iments which will be readily evident to those skilled in 
the art, and which are to be considered within the scope 
of the invention as defined by the following claims. 



Claims 

1 . A method for removing sulfur from a sulfur-contam- 
inated metal-coated reactor system, comprising the 
steps of: 

operating, at a set of operating conditions, a 
metal-coated reactor system comprising a 
base metal, an adherent metallic layer attached 
to said base metal such that said adherent me- 
tallic layer is exposed to hydrocarbons during 
said operating step, and a sulfur-sensitive cat- 
alyst; 

experiencing contamination of said adherent 
metallic layer by a sulfur contaminant; and 
removing said sulfur contaminant from said ad- 
herent metallic layer using sulfur stripping at a 
set of sulfur stripping conditions; 
wherein said adherent metallic layer comprises 
a metal that is substantially inert to sulfur at said 
set of operating conditions or that rejects sulfur 
more rapidly or at a lower temperature than iron 
at said set of sulfur stripping conditions. 

2. The method of claim 1 wherein said adherent me- 
tallic layer comprises a metallic coat, cladding, plat- 
ing, or paint, applied to at least a portion of the sur- 
face of said metal-coated reactor system. 

3. The method of claim 1 or 2 wherein said adherent 
metallic layer comprises a metal coating selected 
from the group consisting of tin, germanium, anti- 
mony, arsenic, bismuth, aluminum, gallium, indium, 
copper, lead, chromium, alloys thereof, and mix- 
tures thereof. 

4. The method of claim 3, wherein said adherent me- 
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tallic layer comprises a metal coating comprising 
tin. 

5. The method of claim 3, wherein said adherent me- 
s tallic layer comprises a metal coating comprising 

germanium. 

6. The method of claim 3, wherein said adherent me- 
tallic layer comprises a metal coating comprising 

10 antimony. 

7. The method of claim 1 or 2, wherein said adherent 
metallic layer comprises a metal coating comprising 
cobalt. 

15 

8. The method of claim 1 or 2, wherein said adherent 
metallic layer comprises a metal coating comprising 
nickel. 

20 9. The method of claim 1 or 2, wherein said adherent 
metallic layer system comprises a metal coating 
comprising molybdenum. 

10. The method of claim 1 or 2, wherein said adherent 
25 metallic layer comprises a metal coating comprising 

tungsten. 

11. The method of claim 1 or 2, wherein said adherent 
metallic layer comprises a metal coating comprising 

30 chromium. 

12. The method of any preceding claim, wherein said 
sulfur-sensitive catalyst is selected from noble met- 
al catalysts. 

35 

13. The method of any preceding claim, wherein said 
sulfur-sensitive catalyst is a Pt containing catalyst. 

14. The method of any preceding claim, wherein said 
40 sulfur-sensitive catalyst is a catalyst reversibly poi- 
soned by sulfur. 

15. The method of any preceding claim, wherein said 
sulfur-sensitive catalyst is selected from the group 

45 consisting of Pt/Sn, Pt/lr, and Pt on a support se- 
lected from alumina, silica, or a zeolite. 

16. The method of any of claims 1 to 13, wherein said 
sulfur-sensitive catalyst is a catalyst that is irrevers- 

so ibly poisoned by sulfur. 

17. The method of claim 16 wherein said sulfur-sensi- 
tive catalyst is an L zeolite catalyst containing Pt. 

55 18. The method of claim 17 wherein said sulfur-sensi- 
tive catalyst is a non-acidic Pt on L-zeolite. 

19. The method of any preceding claim, wherein said 
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30. The method of any preceding claim, wherein said 
removing step is performed after a sulfur upset. 

31. The method of any preceding claim, further com- 
5 prising the step of sorting said sulfur after said re- 
moving step. 

32. The method of any preceding claim, further com- 
prising the step of removing said sulfur-sensitive 

10 catalyst from said metal-coated reactor system pri- 
or to said removing step. 

33. The method of any preceding claim, further com- 
prising the step of converting hydrocarbons in said 

is reactor system. 

34. The method of claim 33, wherein said converting 
step comprises the step of catalytic reforming or de- 
ny drocyclization. 

20 

35. The method of claim 33, wherein said converting 
step comprises the step of catalytic hydrogenation 
or dehydrogenation. 

25 36. The method of claim 33, wherein said converting 
step comprises the step of catalytic isomerization. 



removing step comprises the step of using a gas 
that reacts with sulfur compounds. 

20. The method of any preceding claim, wherein said 
removing step comprises the step of using a sub- 
stantially sulfur-free gas. 

21. The method of any preceding claim, wherein said 
removing step comprises the step of using a gas 
containing hydrogen. 

22. The method of claim 21 wherein said removing step 
furthercomprisesthe step of contacting said reactor 
system with said hydrogen at about process oper- 
ating temperature and at a GHSV of between 
100-10, 000 hr 1 . 

23. The method of claim. 21 or 22 further comprising 
the steps of: 

desulfurizing said hydrogen to produce desul- 

furized hydrogen; and 

recycling said desulfurized hydrogen. 

24. The method of any preceding claim, wherein said 
removing step is conducted for a time and at a tem- 
perature sufficient to reduce the sulfur concentra- 
tion at the metal-coated reactor outlet by at least 
50%. 

25. The method of any preceding claim, wherein said 
removing step is conducted for a time and at a tem- 
perature sufficient to reduce the sulfur concentra- 
tion at the metal-coated reactor outlet to at least 1 
ppm. 

26. The method of any preceding claim, wherein said 
removing step is conducted for a time and at a tem- 
perature sufficient to reduce the sulfur concentra- 
tion at the metal-coated reactor outlet to at least 1 00 
ppb. 

27. The method of any preceding claim, wherein said 
removing step is conducted for a time and at a tem- 
perature sufficient to reduce the sulfur concentra- 
tion at the metal-coated reactor outlet to at least 50 
ppb. 

28. The method of any preceding claim, wherein said 
removing step is conducted for a time and at a tem- 
perature sufficient to reduce the sulfur concentra- 
tion at the metal-coated reactor outlet to at least 1 0 
ppb. 

29. The method of any one of claims 24 to 28 wherein 
said temperature is at least as high as the normal 
operating temperature at which said sulfur-sensi- 
tive catalyst is used. 



Patentanspruche 

30 

1 . Verfahren zur Beseitigung von Schwefel aus einem 
mit Schwefel verunreinigten metallbeschichteten 
Reaktorsystem, umfassend die Schritte: 

35 Ingangsetzen eines metallbeschichteten Reak- 

torsystems, umfassend ein Basismetall, eine 
Metallhaftschicht, die derart auf das Basisme- 
tall aufgebracht worden ist, dass sie bei Betrieb 
Kohlenwasserstoffen ausgesetzt ist, sowie ei- 
40 nen schwefelempfindlichen Katalysator, bei ei- 

ner Reihe von Betriebsbedingungen; 
Feststellen einer Verunreinigung der Metall- 
haftschicht durch eine Schwefelverunreini- 
gung; und 

45 Beseitigung der Schwefelverunreinigung aus 

der Metallhaftschicht durch Schwefel-Stripping 
bei einer Reihe von Schwefel-Stripping-Bedin- 
gungen; 

wobei die Metallhaftschicht ein Metall umfasst, 
50 das bei dieser Reihe von Betriebsbedingungen 

gegenuber Schwefel im Wesentlichen inert ist 
Oder das bei dieser Reihe von Sen wef el-Strip - 
ping-Bedingungen Schwefel schneller oder bei 
einer niedrigeren Temperatur abstoBt als Ei- 
55 sen. 

2. Verfahren nach Anspruch 1, wobei die Metall- 
haftschicht eine Metal Ibeschichtung, einen Uber- 
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zug, eine Verstarkung oder einen Anstrich umfasst 
und zumindest auf einen Teil der Oberflfiche des 
metallbeschichteten Reaktorsystems aufgebracht 
ist, 

3. Verfahren nach Anspruch 1 Oder 2, wobei die Me- 
tal I haftschicht eine Metallbeschichtung umfasst, 
ausgewahlt aus der Gruppe Zinn, Germanium, An- 
timon, Arsen, Wismut, Aluminium, Gallium, Indium, 
Kupfer, Blei, Chrom, deren Legierungen und Gemi- 
schen. 

4. Verfahren nach Anspruch 3, wobei die Metall- 
haftschicht eine Zinn umfassende Metallbeschich- 
tung umfasst. 

5. Verfahren nach Anspruch 3, wobei die Metall- 
haftschicht eine Germanium umfassende Metallbe- 
schichtung umfasst. 

6. Verfahren nach Anspruch 3, wobei die Metall- 
haftschicht eine Antimon umfassende Metallbe- 
schichtung umfasst. 

7. Verfahren nach Anspruch 1 oder 2, wobei die Me- 
tal I haftschicht eine Kobalt umfassende Metallbe- 
schichtung umfasst. 

8. Verfahren nach Anspruch 1 oder 2, wobei die Me- 
tal I haftschicht eine Nickel umfassende Metallbe- 
schichtung umfasst. 

9. Verfahren nach Anspruch 1 oder 2, wobei die Me- 
tallhaftschicht eine Molybdan umfassende Metall- 
beschichtung umfasst. 

10. Verfahren nach Anspruch 1 oder 2, wobei die Me- 
tallhaftschicht eine Wolfram umfassende Metallbe- 
schichtung umfasst. 

11. Verfahren nach Anspruch 1 oder 2, wobei die Me- 
tallhaftschicht eine Chrom umfassende Metallbe- 
schichtung umfasst. 

12. Verfahren nach einem vorhergehenden Anspruch, 
wobei der schwefelempfindliche Katalysator aus 
Edelmetallkatalysatoren ausgewahlt ist. 

13. Verfahren nach einem vorhergehenden Anspruch, 
wobei der schwefelempfindliche Katalysator ein Pt- 
haftiger Katalysator ist. 

14. Verfahren nach einem vorhergehenden Anspruch, 
wobei der schwefelempfindliche Katalysator rever- 
sibel mit Schwefel vergiftet ist. 

15. Verfahren nach einem vorhergehenden Anspruch, 
wobei der schwefelempfindliche Katalysator aus- 



gewahlt ist aus der Gruppe Pt/Sn, Pt/lr und Pt, auf 
einem Trager, ausgewahlt aus Aluminiumoxid, Sili- 
ciumdioxid, oder einem Zeolithen. 

5 16. Verfahren nach einem der Anspruche 1 bis 13, wo- 
bei der schwefelempfindliche Katalysator irreversi- 
bel mit Schwefel vergiftet ist. 

17. Verfahren nach Anspruch 16, wobei der schwefel- 
10 empfindliche Katalysator ein Pt-haltiger L-Zeolith- 

Katalysator ist. 

18. Verfahren nach Anspruch 17, wobei der schwefel- 
empfindliche Katalysator ein nichtsaurer, Pt-auf-L- 

is Zeolith ist. 

19. Verfahren nach einem vorhergehenden Anspruch, 
wobei der Beseitigungsschritt den Schritt umfasst: 
Verwendung eines Gases, das mit Schwefelverbin- 

20 dungen reagiert. 

20. Verfahren nach einem vorhergehenden Anspruch, 
wobei der Beseitigungsschritt den Schritt umfasst: 
Verwendung eines im Wesentlichen schwefelfreien 

25 Gases. 

21. Verfahren nach einem vorhergehenden Anspruch, 
wobei der Beseitigungsschritt den Schritt umfasst: 
Verwendung eines wasserstoffhaltigen Gases. 

30 

22. Verfahren nach Anspruch 21, wobei der Beseiti- 
gungsschritt zudem den Schritt umfasst: Inkontakt- 
bringen des Reaktorsystems mit Wasserstoff bei et- 
wa Betriebstemperatur und einer GHSV zwischen 

35 100- 10000 Std' 1 . 

23. Verfahren nach Anspruch 21 oder 22, zudem urn- 
fassend die Schritte: 

40 Desutfurieren des Wasserstoffs, damit man de- 

sulfurierten Wasserstoff erhalt; und 
Rezyklieren des desulfurierten Wasserstoffs. 

24. Verfahren nach einem vorhergehenden Anspruch, 
45 wobei der Beseitigungsschritt so iange und bei ei- 
ner solchen Temperatur durchgefuhrt wird, dass die 
Schwefelkonzentration am Auslass des metallbe- 
schichteten Reaktors urn mindestens 50% gesenkt 
wird. 

50 

25. Verfahren nach einem vorhergehenden Anspruch, 
wobei der Beseitigungsschritt so Iange und bei ei- 
ner solchen Temperatur durchgefuhrt wird, dass die 
Schwefelkonzentration am Auslass des metal lb e- 

55 schichteten Reaktors auf mindestens 1 ppm ge- 
senkt wird. 

26. Verfahren nach einem vorhergehenden Anspruch, 
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wobei der Beseitigungsschritt so lange und bei ei- 
ner solchen Temperatur durchgefuhrt wird, dass die 
Schwefelkonzentration am Auslass des metatlbe- 
schichteten Reaktors auf mindestens 100 ppb ge- 
senkt wird. 

27. Verfahren nach einem vorhergehenden Anspruch, 
wobei der Beseitigungsschritt so lange und bei ei- 
ner solchen Temperatur durchgefuhrt wird, dass die 
Schwefelkonzentration am Auslass des metallbe- 
schichteten Reaktors auf mindestens 50 ppb ge- 
senkt wird. 

28. Verfahren nach einem vorhergehenden Anspruch, 
wobei der Beseitigungsschritt so lange und bei ei- 
ner solchen Temperatur durchgefuhrt wird, dass die 
Schwefelkonzentration am Auslass des metallbe- 
schichteten Reaktors auf mindestens 10 ppb ge- 
senkt wird. 

29. Verfahren nach einem der Anspruche 24 bis 28, wo- 
bei die Temperatur mindestens so hoch ist wie die 
normale Betriebstemperatur, bei der der schwefel- 
empfindliche Katalysator verwendet wird. 

30. Verfahren nach einem vorhergehenden Anspruch, 
wobei der Beseitigungsschritt nach einem Schwe- 
fel-Zwischenfall erfolgt. 

31. Verfahren nach einem vorhergehenden Anspruch, 
zudem umfassend den Schritt: Sorbieren des 
Schwefels nach dem Beseitigungsschritt. 

32. Verfahren nach einem vorhergehenden Anspruch, 
zudem umfassend den Schritt Entfernen des 
schwefelempfind lichen Katalysators aus dem me- 
tal Ibeschichteten Reaktorsystem vor dem Beseiti- 
gungsschritt. 

33. Verfahren nach einem vorhergehenden Anspruch, 
zudem umfassend den Schritt Umwandeln von 
Kohlenwasserstoffen im Reaktorsystem. 

34. Verfahren nach Anspruch 33, wobei der Umwand- 
lungsschritt den Schritt katalytisches Reforming 
Oder Dehydrozyklisieren umfasst. 

35. Verfahren nach Anspruch 33, wobei der Umwand- 
lungsschritt den Schritt katalytisches Hydrieren 
oder Dehydrieren umfasst. 

36. Verfahren nach Anspruch 33, wobei der Umwand- 
lungsschritt den Schritt katalytisches Isomerisieren 
umfasst. 
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Revendications 

1. Proc6d6 pour eiiminer le soufre d'un systeme de 
r6acteur revdtu d'un m6tal contamine" par le soufre, 

5 comprenant les etapes consistant : 

a faire fonctionner, dans une s6rie de condi- 
tions de fonctionnement, un systeme de r6ac- 
teur revetu-d'un m6tal comprenant un metal de 

10 base, une couche metallique adherente fixee 

audit m6tal de base de telle sorte que ladite 
couche metallique ad h 6 rente so it expos6e a 
des hydrocarbures au cours de ladite etape de 
fonctionnement, et a un catalyseur sensible au 

15 soufre ; 

a constater la contamination de ladite couche 
metallique adherente par un contaminant ren- 
fermant du soufre ; et 

a eiiminer ledit contaminant renfermant du sou- 
20 fre de ladite couche metallique adherente par 

un entramement du soufre dans une serie de 
conditions d'entramement du soufre ; 
dans leque) ladite couche metallique adherente 
comprend un metal qui est pratiquement inerte 
25 vis-a-vis du soufre dans ladite serie de condi- 

tions de fonctionnement ou qui rejette le soufre 
plus rapidement ou a une temperature plus 
basse que le fer dans ladite serie de conditions 
d'entramement du soufre. 

30 

2. Precede suivant la revendication 1, dans lequel la 
couche metallique adherente comprend une cou- 
che metallique, un plaquage metallique, une cou- 
che metallique eiectrodeposee ou une peinture me- 

35 tallique, appliquee a au moins une partie de la sur- 
face dudit systeme de reacteur revetu d'un metal. 

3. Procede suivant la revendication 1 ou 2, dans le- 
quel la couche metallique adherente comprend un 

40 revetement d'un metal choisi dans le groupe con- 
sistant en retain, le germanium, Pantimoine, I'arse- 
nic, le bismuth, Paluminium, le gallium, t'indium, le 
cuivre, le plomb, le chrome ainsi que leurs alliages 
et leurs melanges. 

45 

4. Procede suivant la revendication 3, dans lequel la 
couche metallique adherente comprend un revete- 
ment d'un metal comprenant de retain. 

so 5. Procede suivant la revendication 3, dans lequel la 
couche metallique adherente comprend un revete- 
ment d'un m6tal comprenant du germanium. 

6. Proc6d6 suivant la revendication 3, dans lequel la 
55 couche metallique adherente comprend un revete- 
ment d'un metal comprenant de I'antimoine. 

7. Procede suivant la revendication 1 ou 2, dans le- 
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quel la couche metellique adherente comprend un 
revetement d'un metal comprenant du cobalt. 

8. Proc6d6 suivant la revendication 1 ou 2, dans le- 
quel la couche metallique adherente comprend un 
revetement d'un metal comprenant du nickel. 

9. Precede suivant la revendication 1 ou 2, dans le- 
quel la couche metallique adherente comprend un 
revdtement d'un metal comprenant du molybdene. 

10. Proc6d6 suivant la revendication 1 ou 2, dans le- 
quel la couche metallique adherente comprend un 
revetement d'un metal comprenant du tungstene. 

11. Proc6d6 suivant la revendication 1 ou 2, dans le- 
quel la couche metallique adherente comprend un 
revdtement d'un metal comprenant du chrome. 

12. Proc6de suivant Tune quelconque des revendica- 
tions precedentes, dans lequel le catalyseur sensi- 
ble au soufre est choisi parmi des catalyseurs a ba- 
se de metaux nobles. 

13. Procede suivant Tune quelconque des revendica- 
tions precedentes, dans lequel le catalyseur sensi- 
ble au soufre est un catalyseur contenant du Pt. 

14. Procede suivant I'une quelconque des revendica- 
tions precedentes, dans lequel le catalyseur sensi- 
ble au soufre est un catalyseur empoisonne de ma- 
niere reversible par le soufre. 

15. Procede suivant I'une quelconque des revendtca- 
tions precedentes, dans lequel le catalyseur sensi- 
ble au soufre est choisi dans le groupe consistant 
en Pt/Sn, Pt/lr et Pt sur un support choisi entre I'alu- 
mine, la silice et une zeolite. 

16. Procede suivant I'une quelconque des revendica- 
tions 1 a 13, dans lequel le catalyseur sensible au 
soufre est un catalyseur qui est empoisonne de ma- 
niere irreversible par le soufre. 

17. Procede suivant la revendication 16, dans lequel le 
catalyseur sensible au soufre est un catalyseur a 
base de zeolite L contenant du Pt. 

1 8. Procede suivant la revendication 1 7, dans lequel le 
catalyseur sensible au soufre est un catalyseur non 
acide au Pt sur de la zeolite L. 

19. Procede suivant Tune quelconque des revendica- 
tions precedentes, dans lequel I'etape d'eiimination 
comprend I'etape consistant a utiliser un gaz qui 
reagit avec les composes soufres. 

20. Procede suivant i'une quelconque des revendica- 
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tions precedentes, dans lequel I'etape d'eiimination 
comprendl'etape consistant a utiliser un gaz prati- 
quement depourvu de soufre. 

5 21. Proc6d6 suivant I'une quelconque des revendica- 
tions precedentes, dans lequel I'etape d'eiimination 
comprend I'etape consistant a utiliser un gaz con- 
tenant de I'hydrogene. 

10 22. Proc6d6 suivant la revendication 21, dans lequel 
I'etape d'eiimination comprend en outre I'etape con- 
sistant a mettre en contact le systeme de r6acteur 
avec I'hydrogene approximativement a la tempera- 
ture de mise en oeuvre du proc6d6 et a une VSHG 
'5 comprise dans I'intervalle de 1 00 a 1 0 000 rr 1 . 

23. Procede suivant la revendication 21 ou 22, compre- 
nant en outre les etapes consistant : 

20 a dgsulfurer I'hydrogene pour produire de I'hy- 

drogene des u If u re ; et 
a recycler cet hydrogene desulfure. 

24. Procede suivant I'une quelconque des revendica- 
25 tions precedentes, dans lequel I'etape d'eiimination 

est mise en oeuvre pendant un temps et a une tem- 
perature suffisants pour reduire la concentration en 
soufre a I'orifice de sortie du r6acteur revdtu d'un 
metal d'au moins 50 %. 

30 

25. Proc6d6 suivant I'une quelconque des revendica- 
tions precedentes, dans lequel I'etape d'eiimination 
est mise en oeuvre pendant un temps et a une tem- 
perature suffisants pour reduire la concentration en 

35 soufre a I'orifice de sortie du reacteur revetu d'un 
m6tal a au moins 1 ppm. 

26. Procede suivant I'une quelconque des revendica- 
tions precedentes, dans lequel I'etape d'eiimination 

40 est mise en oeuvre pendant un temps et a une tem- 
perature suffisants pour reduire la concentration en 
soufre a I'orifice de sortie du reacteur revetu d'un 
metal a au moins 100 ppb. 

45 27. Proc6d6 suivant I'une quelconque des revendica- 
tions precedentes, dans lequel I'etape d'eiimination 
est mise en oeuvre pendant un temps et a une tem- 
perature suffisants pour reduire la concentration en 
soufre a I'orifice de sortie du reacteur revetu d'un 
so metal a au moins 50 ppb. 

26. Procede suivant I'une quelconque des revendica- 
tions precedentes, dans lequel I'etape d'eiimination 
est mise en oeuvre pendant un temps et a une tem- 
55 p6rature suffisants pour reduire la concentration en 
soufre a I'orifice de sortie du reacteur revetu d'un 
metal a au moins 10 ppb. 
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29. Proc6de suivant i'une quelconque des revendica- 
tions 24 a 28, dans leque! la temperature est au 
moins aussi elevee que la temperature usuelle de 
fonctionnement a laquelle le catalyseur sensible au 
soufre est utilise. 5 

30. Proc6de suivant Tune quelconque des revendica- 
tions precedentes, dans lequel I'etape d'elimination 
est mise en oeuvre apres un refoulement de soufre. 

10 

31. Procede suivant Tune quelconque des revendica- 
tions precedentes, comprenant en outre i'etape de 
sorption du soufre apres I'etape d'elimination. 

32. Procede suivant I'une quelconque des revendica- 15 
tions precedentes, comprenant en outre I'etape 
consistant a evacuer le catalyseur sensible au sou- 
fre du systeme de r6acteur revetu d'un m6tal avant 
I'etape d'elimination. 
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33. Procede suivant I'une quelconque des revendica- 
tions precedentes, comprenant en outre I'etape de 
conversion d'hydrocarbures dans le systeme de 
react eur. 

34. Procede suivant la revendication 33, dans lequel 
I'etape de conversion comprend I'etape de reforma- 
ge ou deshydrocyclisation catalytique. 



35. Procede suivant la revendication 33, dans lequel 30 
I'etape de conversion comprend I'etape d'hydroge- 
nation ou deshydrogenation catalytique. 

36. Procede suivant la revendication 33, dans lequel 
I'etape de conversion comprend Petape d'isomeri- 35 
sation catalytique. 
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